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ORIGIN OF THE CORN-OIL INDUSTRY. 


The production of corn oil from the germ of corn kernels has been 
practiced on a commercial scale for probably a quarter of a century. 
From the time the degermination of corn became an integral operation 
in the hominy, starch, and glucose industries, the disposition of the 
germ has been a decided factor in the economics of these processes. 
At first the general practice was to dispose of the germ material by 
adding it to feed products, but as the demand for vegetable oils 
increased, for both edible and technical uses, it was found profitable 
to expel the oil from the germ, and in recemt years when oils have 
been high in price the production of corn oil has become one of the 
important phases of the corn-products industries. 


DEGERMINATING CORN. 


The germ of the corn represents approximately 10 per cent of the 
dry kernel and contains about 50 per cent of oil. It has been found 
that this amount of fat, representing about 5 per cent of the air-dried 
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corn, has a tendency to become rancid when ailowed to remain in 
the corn product, especially in the presence of moisture. It became 
desirable therefore to remove the germ in order that these manu- 
factured products might retain their quality after leaving the mill, 
and this fact has led to the scientific development of the dry corn- 
milling process and the starch and glucose manufacturing processes. 
The practice of grinding the whole kernel into meal without 
previously removing the germ is confined largely to the South, and 
the product is sometimes referred to as ‘“‘water-ground”’ meal. There 
is considerable difference of opinion as to the relative nutritive value 
and flavor of the products from the whole and the degerminated corn, 
but if the products are to be shipped extensively the removal of the 
germ minimizes the loss from spoilage in transit and in storage. 


Fic. 1.—Corn huller or degerminator. This type of machineis quite generally usedin the dry 
degerminating process. 


The percentage of moisture present is of vital importance, and 
millers aim to reduce the moisture in their products to 12 per cent 
or less, in which ease it is claimed that under normal conditions little 
difficulty is likely to be experienced in keeping the products. Cereal 
products are liable, of course, to infestation with weevils, and it is 
not probable that the removal of the germ from the corn will lessen 
this trouble to any considerable extent. ; } 


METHODS OF DEGERMINATION USED. 


The methods of manufacturing cern products fall into two classes: 
The dry milling process, used for making hominy products, such as 
orits, flakes, meal, flour, and hominy feeds; and the wet process, 
used in the manufacture of starch, glucose, and related products. 
The methods of degerminating differ materially in these two processes, 
and they will therefore be considered separately. 
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DRY PROCESS. 


After a process of cleaning to remove the dirt and foreign matter, 
the corn, while being agitated in a suitable container, is sprayed 
with water or treated with steam until it has a moisture content of 
about 20 per cent, after which it goes at once into the degerminating 
machine. (Fig. 1.) This machine consists, briefly, of a horizontal, 
tapering drum, which revolves on a central shaft within a casing 
of the same shape. The surface of the drum, or core, is covered 
with cone-shaped protuberances about three-fourths of an inch high, 
and the interior of the casing has a similar surface. A space of seven- 
sixteenths of an inch is allowed between the two surfaces, and the 
core is rotated at 700 revolutions per minute. The space between 
the core and the casing can readily be adjusted while the machine is 
in operation. The corn enters at the top and narrow end of the 
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Fic. 2.—Diagram showing the various steps in the process of the dry milling of corn products in a 
hominy mill. 

machine and is carried forward through the length of the revolving 
core. During its passage through the machine the kernel is torn and 
shredded, the husk and germ are loosened, but the starchy material 
is not ground to any considerable extent. The finer particles escape 
through perforations, while the coarse material escapes at the dis- 
charge end. The bran is partly drawn off by suction. 

The germ thus separated contains some bran, husks, and meal, the 
quantity depending on the uniformity of the corn and the care prac- 
ticed in the operation. This germ material is then run through drying 
machines, where the moisture is reduced to about 14 per cent, after 
which it is usually run through hominy reels. With the decrease of 
moisture more bran and feed stock (a poor grade of grayish meal 
containing some bran) are separated. The germ is then ready to go 
to the oil-expelling department. This is not the procedure followed 
in all mills, but the principle is the same in all. Figure 2 shows the 
general scheme of dry corn milling. 
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In most hominy mills the hominy products are the principal 
ones, while the feed, flour, meal, and oil are minor or by-products. 
Until recently the principal consumers of hominy products were the 
brewers, who used flakes and large quantities of grits of various sizes. 
These flakes are made from coarse hominy (pearl hominy), which is 
steamed,rolled,and dried. They are white and differfrom the ordimary 
breakfast flakes mainly in the fact that they are not toasted. In the 
ordinary milling practice about 5 per cent of the corn kernel is made 
into flour. This amount develops incidentaily during the process, 
owing to the breaking up in the various machines of the starchy and 
brittle portions of the kernel. Whenever the market demands war- 
rant, however, the production of flour can be increased by reducing 
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Fig. 3.—Diagram showing the various steps in the process of the manufacture of products from corn 
in a glucose plant. 


more of the grits. During the war the demand for wheat-flour sub- 
stitutes resulted in a greatly increased production of corn flour and 
meal. 

WET PROCESS. 

In starch and glucose plants the corn is degerminated by the wet 
process. The cleaned corn is placed in large circular wooden vats,. 
which are filled about two-thirds full, where it is steeped or soaked 
in water containing 0.2 per cent of sulphurous acid. This acid is 
usually prepared by burning sulphur and passing the fumes of sulphur 
dioxid through coke towers in the presence of a spray of water. In 
some plants there is an arrangement to draw off the corn gradually 
at the bottom and to put in fresh corn at the top of the vat. The 
time required to prepare the corn properly for degerminating varies 
from 36 to 40 hours; hence in the automatic arrangement that much 


THE’ PRODUCTION OF CORN OIL. 5 


time should be required for the corn to travel from the top of the vat 
to the outlet below. 

The object of using the sulphurous acid appears to be a matter of 
some dispute. The following reasons have been advanced for its use: 
(1) It softens the corn more than plain water, and hence aids in 
degerminating; (2) it acts as a bleaching agent silt insures a whiter 
starch; and (8) it acts as a preservative and prevents the starch and 
gluten waters from becoming sour. The acid is largely dissipated 
during the processes that follow, but the finished product should not 
contain more than a mere trace of sulphur dioxid. 

Figure 3 shows in a general way the variety of products made in a 
plant equipped for the manufacture of glucose. In plants where 


Fie. 4.—Machine for wet degerminating. In this machine the two plates revolve in opposite directions. 


only starch is made the general scheme as pean: the degerminating 
is the same. 

The soaked corn is drained and then passed through a type of 
attrition mill, which shreds it and separates the germ from the re- 
mainder of the kernel and also loosens the hulls from the endosperm. 
The type of machine generally in use consists of two vertical plates 
mounted on a horizontal axis and geared directly to a motor. In 
the early type of machine the two plates were geared to different 
motors and revolved in opposite directions. (Fig. 4.) In some 
instances they were run at different rates of speed, apparently with 
good results. The latest approved type, however, has one stationary 
plate. This eliminates one motor and greatly reduces the cost of the 
machine as well as the operating expense. (Fig. 5.) 

The shredded corn is mixed with a large quantity of water and 
transferred to floating vats, which are long, narrow, metal vessels 
somewhat wider at the top than at the bottom. The watery mix- 
ture is slowly agitated and kept moving at the surface toward one 
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end of the vat. Most of the germs float on the surface and over the 
edge of the vat at one end. The bulk of the germ material is thus 
removed, but in the larger plants the remaining material is put 
through another floating vat and additional germs are separated. 
The germs, together with a lot of starchy water, are then run through 
reels having perforated copper sides, with the perforations about 
14 mm. in diameter. Here they are thoroughly washed to remove 
all starchy particles. The washings from these reels are run through 
a second set of reels having finer perforations, which catch the small 
germ fragments that passed through the first reel. The quantity of 
germ material thus recovered is very considerable. 

The corn material, which because of its greater gravity remains 
in the floating vats, is ground wet, and the starchy material 1s reduced 
to a fine condition. Itis then sieved and washed repeatedly. These 
starch washings, together with those from the germ reels, are run 
over long shallow ta- 
bles,wherethestarch 
is allowed to settle. 
The process there- 
after isoneof drying, 
but in the case of 
boiling starches the 
drying is preceded 
by chemical treat- 
ment. 

The husk and bran 
< from which the 
Fic. 5.—Machine for wet degerminating. In this machine one plate St arch h as b een 

is stationary. washed are run 
through moisture expellers to remove part of the moisture and 
are then mixed or churned with the concentrated steep water from 
the steeping vats. This water, which contains considerable quan- 
tities of water-soluble proteins, is previously pumped into a vacuum 
tank and evaporated under reduced pressure. The evaporation is 
accomplished under a vacuum of about 26 inches, part of which is 
obtained by passing all the waste water of the plant through a 
special attachment, like a Venturi tube. The higher vacuum is 
secured with a power pump. As above stated, this proteim water, 
to which is also added in some plants the gluten which tabled out 
at the lower end of the starch settling tables, is mixed with the feed 
material and the mixture pumped through filter presses. The press 
cakes from these filters are broken up by running them through 
mills. The material is then sent through driers. These driers are 
also used for drying the germs and will be described in that connec- 
tion. After becoming partially dry the material, which has become 
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agglutinated into small round balls, is passed through thrashers, 
which break up the balls, and then passed again through the driers 
until the moisture has been sufficiently reduced. 

After all the germ material has been separated in the manner 
described and washed free from starch it is run through moisture 
expellers to take out some of the excess water. The machines used 
are the same as those employed for expelling moisture from the feed 
material. Two types are in use. One consists of two vertical 
plates operated separately and so attached to separate shafts that 
the space between the plates at the bottom is much less than at the 
top. The wet material is caught in this constriction and the excess 
water squeezed out. 
(Fig.6.) The other 
type is constructed 
on lines similar to 
an oil expeller. It 
consists essentially 
of a worm revolving 
in a steel barrel 
through which the 
material travels. 
The pressure is ad- 
justed by means of 
a steel cone at the 
forward end of the 
machine. (Fig. 7.) 
The quantity of 
water left in the . eee 

2 Fic. 6.—One type of machine used for expelling moisture from wet germs 
germs after passing and feed. 
through these ma- 
chines depends largely on the pressure applied. After the excess 
moisture has been removed, the germs are conveyed to the driers, 
which reduce the moisture to 5 per cent orless. These driers are also 
used for drying feed. 

In hominy mills the germs are also dried, but apparently not to 
such a degree. For this purpose there 1s in use one main type of 
drier which has been revised from time to time. (Fig. 8.) The 
oldest form consists of a long cylinder or drum about 5 feet in diam- 
eter and 28 feet long. On the inside of this cylinder, around the 
circumference, are parallel steam pipes 4 inches in diameter, and the 
whole apparatus slowly revolves. The steam enters through an 
opening in the central shaft, while the material to be dried enters 
at one end and travels slowly down the length of the machine, as 
the farther end is somewhat lower than the forward end. The 
material rolls and tosses between the hot steam pipes, and by means 
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of vanes on the inside of the cylinder is carried partly up the side 
and then tumbled back among the pipes. These driers appear to 
be efficient and are generally used for this purpose. Improvements 
have been added from time to time, but the basis of operation is 
the same. After being dried, the germs are ready to go to the ex- 
pelling plant. 
EXPELLING THE OIL FROM CORN GERMS. 

While the method of handling and degerminating the corn is 

totally different in the dry and the wet processes, the operation 


involved in handling the germ material after it is dried and ready 
for the oil machinery is the same for both processes. At this point 


Fie. 7.—A type of moisture expeller used for wet corn germs and feed. 


it is logical to discuss the difference in the germ material as obtamed 
by the two processes. 

The germs separated by the dry process contain considerable 
portions from other parts of the corn, which on an average reduce 
the oil content to about 18 per cent. Approximately 6 per cent of 
oil remains in the cake. Dry-corn millers agree that half a pound 
of oilis an average yield from a bushel of corn, and if 12 per cent of 
oil from the germ is representative it follows that 4.17 pounds of 
germs are obtained from a bushel of corn. 

The germs separated by the wet process are much leaner eae 


is, they contain much less of the other parts of the corn, and there- - 


fore average a much higher percentage of oil, or about 45 per cent. 
lt is not usually possible, however, to obtain a cake with as low an 
oil content as that obtained by the dry process. The cake usually 
contains about 9 per cent of oil. Assuming that 14 pounds of oil 


represent the average yield from a bushel of corn, and that 36 per 


cent is obtained from the germ, the germ material obtained from a 
bushel of corn must be about 3.47 pounds. 


= eee ee Pr ii 
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These figures relating to the quantity of germs and oil obtained 
from a bushel of corn are considered fairly representative and will 
be used in a later section on the economics involved in expelling 
the oil. ) 

Before the oil can be expelled the germ material must be cracked 
or ground. The germs from the dry process are ground less fine, 
as a rule, than those obtained from the wet process. The former, 
which contains some bran and husks, can be ground in an attrition 
mill if necessary, but in most cases all germ material is cracked by 
being passed between rollers. 

Without doubt the expeller is recognized as the ideal type of 
machine for removing the oil from corn germs and is almost univer- 


Fic. 8.—Type of drier used in drying corn germs and feed. 


sally used. (Fig. 9.) The dried germ is tempered with steam, which 
heats it and also adds moisture. It might seem that if there were 
less drying in the first place the subsequent addition of moisture 
would be unnecessary, but it is evidently a case of first removing 
the interior moisture and then adding surface moisture when tem- 
pering. On this point operators are agreed. 

The pressure at which these machines are operated determines 
largely the quantity of oil left in the cake. Several factors are in- 
volved which limit the pressure that can safely be maintained. In 
the first place, increased pressure always involves a decrease of ca- 
pacity. Furthermore, the opinion obtains generally that if the pres- 
sure is too great the oil and cake will both darken, which is very 
undesirable. The wear and tear on the machine is also excessive 
under such circumstances, and consequently, as a rule, no effort is 
made to reduce the oil in the cake below 5 per cent when operating 
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on germs from the dry process and below 8 per cent when using 
material from the wet process. 

A peculiar series of explosions often takes place in these expellers, 
mostly when used on germs obtained by the dry process. The cause 
does not appear to be well understood, but it is the general opinion 


that an excessive or an insufficient amount of either moisture or 


fiber is responsible. 
The oil obtained, which in most cases is of a golden color, is next 
passed through filter presses which remove the fine meal. This 


Fic. 9.—Complete 1-expeller oil plant. 


meal is then returned to the expellers and mixed with the fresh 
material. See: 
Hydraulic presses are used only to a very limited extent, having 
been almost entirely displaced by expellers. The question of the 
relative expense of operating presses and expellers is interesting, and 
several factors are involved. The cost of operating presses is some- 
what increased at present (1920) owing to the expense of the press 
cloths, which cost about $2 a yard. It is estimated that the entire 
set of cloths must be replaced every 60 days, and since 45 yards are 
required for one press of 15 plates, this item amounts to $90, or $1.50 
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a day for each press. These figures do not include the cost of re- 
pairing the cloths, which must constantly be done in order to make 
the set last 60 days. In the expellers this expense is eliminated. 
It is estimated that the cost of repairs on an expeller amounts to 
about $200 a year, or about 66 cents a day. It is evident, there- 
fore, that the replacing of parts in the expeller costs less than the 
press cloths for a press. 

It is estimated that the presses will deliver 1,400 pounds of oil 
in a 24-hour run, which is the oil equivalent of about 1,000 bushels 
of corn when degerminated by the wet process. The expeller will 
deliver 3,000 to 4,000 pounds of oil in 24 hours, or the equivalent of 
2,400 to 3,000 bushels of corn. The capacity of the expeller, therefore, 
is much greater than that of the press. However, the power required 
to operate the expeller is much greater, and the depreciation of the 
machine is also greatly in excess of that of the presses. The one 
great advantage of the press over the expeller is the exceedingly 
low upkeep and the practically indestructible character of the 
machine. 


HANDLING AND DISPOSING OF THE CRUDE OIL. 


FILTERING. 


Crude corn oil as it comes from the exyellers or presses is pumped 
through filter presses, which remove the fine meal and other sediment 
which has had time to settle. It is then placed in storage tanks until 
shipped. 

BUYING AND SELLING. 

Operators who do not themselves refine the oil sell it to refiners, 
soap makers, brokers, and in some cases to bakers. The use of crude 
corn oil for industrial and edible purposes will be considered later. 
The price obtainable depends largely on the grade of the oil, and 
especially on the amount of free fatty acids present. Prime crude 
oil is usually limited to not more than 2 per cent of free fatty acids. 
The next lower grade must not as a rule contain more than 3.5 per 
cent. Refiners protect themselves from a heavy refining loss by 
paying less for an oil which contains such acids in excess of the 
specified quantity. Under normal operating conditions with average 
corn the crude oil contains from 1 to 3 per cent of free fatty acids. 
It appears that the oil from wet-process germs has a somewhat higher 
percentage of free acids than that obtained from dry-process germs. 

Large refiners, in order to have enough to supply the demand for 
their refined oil, have found it profitable to buy considerable quan- 
tities of the crude oil and refine it in addition to their own production. 
Producers who market their refined oil as package goods for the 
retail trade find this practice especially desirable in order to supply 
the demand created by their extensive advertising. This practice 


12 BULLETIN 904, U. S. DEPARTMENT OF AGRICULTURE. 


of the large refiners has furnished a valuable outlet for the crude oil 
of producers who for one reason or another have not installed refining 
equipments. 

The starch and hominy plants which do not refine their oil or 
sell their entire output to other producers dispose of the crude oil 
mostly to brokers and soap makers. , 


HANDLING AND DISPOSING OF THE OIL CAKE. 


The oil cake from corn germs has a well-recognized feeding value. 
As previously stated, it contains from 5 to 7 per cent of fat when 
obtained in hominy mills and from 8 to 12 per cent when produced . 
in starch plants. When this cake is ground and mixed with feed 
products the fat content of the resulting mixture ranges from 3 to 
6 per cent. Practically all the oil cake is utilized for this purpose. 
The bran and husks and the poorer quality of meal must be disposed 
of as feed and is sold by the dry millers under the name of ‘‘hominy 
feed.’ The starch makers produce a feed which they usually call 
‘“‘oluten feed.’’ This gluten feed generally carries a guaranty of 
about 20 per cent of protein. All the feeds are marketed under a 
guaranty as to the content of fat. The feed stock from the hominy 
mills (see fig. 2) can be sold separately because it has sufficient fat, 
but when mixed with the bran and husks it becomes necessary to add 
the oil cake in order to bring the fat content up to the amount 
expected infeeds. It is generally stated that the value of a feed, in 
so far as it is reflected in the price, depends mostly on the protein 
content and not so much on the fat content. Thus, a feed with 6 per 
cent of fat would not bring an appreciably greater revenue than one 
containing only 5 per cent. Hence, an excessive amount of oil in 
the cake is carefully avoided. 

The question of color is important with regard to food: Although 
a dark color has no effect on the feeding value, it immediately affects 
the price, because buyers are accustomed to a light-colored feed. 
Excessive pressure in the expeller, which insures a maximum yield of 
oil, so darkens the cake that it is thought the reduced price obtain- 
able for the feed because of the darker color may perhaps offset the 
gain in the yield of oil. At one plant where hydraulic presses are in 
operation the oil cake is not mixed with the feed, but is sold separately 
as a dairy feed. | 

The question of extracting the oil from the cake by means of | 
solvents and thus removing all the oil has in recent years received 
considerable attention, owing largely to the high price of corn oil. 
It is understood that already such extracting systems are being 
operated by several large corn-oil producers. Just hew the removal 
of all or nearly all the fat from the germ would affect the feed problem 
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is a question; but since the removal of practically all the fat would 
concentrate the protein to some extent, it would seem, in view of 
. what has been said regarding the relative value of protein and fat 
in feeds, that the feeding value would not be greatly diminished. 


BUYING AND SHIPPING CORN GERMS. 


Until a few years ago there was considerable trade in corn germs, 
but this has almost entirely disappeared because no germs are to be 
had. The attractive prices for oil have induced many manufacturers 
of corn products, who formerly disposed of the germs to others, to 
install expelling units and thus add a material source of profit to 
their business. The very fact that there was a brisk demand for the 
germs by oil manufacturers was convincing evidence that the expel- 
ling of the oil was a profitable operation. 

Some difficulty is encountered in the shipping of corn germs 
because of their tendency to spoil in transit, and the loss incident to 
such spoilage has somewhat discouraged the practice. The germs are 
shipped in bags, and with rapid shipment and the proper control of 
moisture the spoilage can be reduced to a minimum. 


UTILIZATION OF CORN OIL. 


Corn oil has been used to a greater or less extent for most technical 
purposes for which other vegetable oils are used. One of the prin- 
cipal technical uses for which it has been in good demand is in the 
preparation of rubber substitutes, for which it seems to be well 
adapted. Both crude and refined oils are used for this purpose. 

Corn oil is still used in considerable quantities for soap making, 
this being one of the principal uses for the poorer grades, which can 
not be refined except at a large loss. The oil is very well adapted 
for making soft soaps, but it is not so suitable for the harder and 
better quality of soaps. The foots obtained on refining the crude 
oil are, of course, used exclusively for soap making. 

It is reported that corn oil has been used in wool spinning where a 
cheap noncombustible oil is demanded. The present price, however, 
probably makes it uneconomical for that purpose. The iodin num- 
ber also would indicate that it might not be entirely safe. 

In the manufacture of lubricants, corn oil has lad a limited appli- 
cation. For this purpose it has not been used alone, but has been 
mixed with blown rape oil and mineral oil.- However, the fact 
that it has a tendency to gum makes it unsuitable ‘or this purpose, 
and its use in lubricants has practically ceased. 

Corn oil is classed sometimes as a nondrying oil and sometimes as 
a semidrying oil. Its iodin value might place it in the semidrying 
class, but it has few drying properties and does not form a hard 
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film. Its use in paint, therefore, has been limited to the cheap 
grades of barn paints, when combined with other and better drying 
‘oils. This use is also rapidly declinmg and will no doubt be entirely 
discontinued if the price of the oil remains high. 

When corn oil was first produced in marketable quantities it was 
used exclusively for technical purposes. Gradually, however, as 
refining methods were improved and the demand for edible oils 
increased, the oil was diverted to edible purposes until at present 
probably 75 per cent of the total output is utilized in that way. It 
is in demand for practically all purposes for which cottonseed oil is 
used, and the producers, brokers, and refiners are confident that in 
time all the corn oil of good quality will be used for edible purposes. 

The shortage and the high price of olive oil during recent years 
have served to stimulate the use of other vegetable oils for salad-oil 
purposes, and corn oil is being sold in Increasing quantities to meet 
this demand. In line with this development its use in cookery has 
also been increased. The sale of refined corn oil for household 
purposes is at present limited almost entirely to a few firms. 

Corn oil can be heated to a relatively high temperature without 
smoking or developing an odor and does not darken as readily as 
some other edible oils. In this connection it may be mentioned 
that there is a conviction that in cookery it is more economical to 
use liquid fats than solid fats, because there is less waste. It is 
easier to measure the necessary quantity when the material pours 
than when it is solid; consequently excess fat is more easily avoided. 

There seems to be some difference of opinion among bakers regard- 
ing the adaptability of corn oil for shortening in crackers and bakery 
goods. The refined oil is used to some extent for this purpose and 
is said to give results similar to those obtained with cottonseed oil. 
Some bakers are inclined to believe that its use is limited because 
of its yellow color, such color beg undesirable in the manufacture 
of white goods like soda crackers. For sweet goods the oil is usually 
used blended with other vegetable oils. In bread it is also used by 
some bakers when mixed with lard. 

The general impression gained from interviews with large bakers 
is that the future of refined corn oil in the baking industries is assured. 
The principal reason why it is not used more generally at present 
is because it is not obtainable at all times in sufficient quantities. 
' The bulk of the refined oil is marketed as package goods for the 
retail trade; therefore for the bakers only such quantities are avail- 
able as are not needed to satisfy the retail demands. A consider- 
able increase in the production of the refined oil could no doubt 
easily be absorbed in this field provided the price compared favor- — 
ably with that of other oils suitable for the same purpose. 
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EFFECT OF COLOR AND CONDITION OF THE CORN ON THE YIELD AND 
CHARACTER OF THE OIL. 


Both white and yellow dent corn are used in this country for the 
manufacture of corn products, but the white seems to be generally 
preferred. In hominy mills the variety used is determined largely 
by the kind of corn meal demanded. Certain sections of the country 
consume only yellow corn products, while others prefer the white. 
Starch and glucose makers use both kinds, most operators claiming 
that the products are the same. There is no indication that there 
is any difference in the oil from the two kinds, but it is the opmion 
of some that the white corn has a larger germ and hence produces 
more oil to the bushel. This opinion is based largely on conjecture. 

The opinion seems to be quite general, especially among the dry- 
corn millers, that the quantity of oil obtainable decreases somewhat 
with the age of the corn. Their theory is that the oil ‘‘creeps”’ out 
cf the germ into the starchy portion of the kernel and is thus lost 
in the hominy products and feed. No definite study of this question 
seems to have been made. It is possible, however, that with age and 
the drying of the kernel the germ becomes more brittle and. thus 
chips and breaks more in the degerminators, the smaller fragments 
being lost in the feed. The monthly oil records for a number of 
years of one starch and glucose plant were carefully examined, and 
it was found that the quantity of oil in the corn, calculated on a 
moisture-free basis, was about 4.3 per cent, as determined by ex- 
traction with carbon tetrachlorid. The corn milled during the sum- 
mer months was somewhat higher in oil content. While the increase 
was only about 0.3 per cent, it was shown by the records that this 
increase occurred every year. Asarule, the corn used in the summer 
months is the last of the previous year’s crop. It would seem, 
therefore, that if the general assumption is true that the older corn 
yields less oil, it is not because there is less oil in the kernel, but 
because the degerminating is less efficiently performed on the older 
corn. In the dry process of degerminating, this is very likely to 
be the case. 

The condition of the corn with regard to its maturity has a pro- 
nounced effect upon the character of the oil and the quantity ob- 
tainable. According to figures available at one of the glucose plants, 
the soft corn of 1917 had a somewhat higher oil content than well- 
matured corn, but the general experience with that year’s crop 
showed a decidedly reduced yield. The explanation usually ad- 
vanced is that some of the oil was distributed in the kernel outside 
of the germ and was lost. A most interesting feature of this oil was 
its high acid content. While normally the oil averages between 
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1 and 2 per cent of free acids, the oil from the 1917 crop averaged 
nearly 10 per cent and in many instances was as high as 15 to 17 
per cent. It was also darker than usual and the expelling was more 
difficult, in some cases more than 15 per cent of the oil being left in 
the cake. Naturally the refining of this oil involved big losses, and 
consequently it brought a greatly reduced price in the crude state. 


-~COMPARISON OF THE OIL-PRODUCTION OPERATION IN DIFFERENT 
MILLS. 


In order to ascertain the extent to which the products from the 
various mills differed, determinations were made of the fat and mois- 
ture content of the germ, oil cake, and feed secured from these mills, 
and samples of the oils they produced were tested for free fatty 
acids. Table I shows the results. 

Tas Le I.—Comparison of the fat, moisture, and free fatty acid content of material produced 


in representative corn-producis mills in the United States, showing the results of the 
wet and dry processes of degerminating the kernels. 


Source of material, different mills (per cent). 
Material analyzed. | Averaze 
1 2 5 ee ee 5 6 7 of7 
mills . 
Sec. A.—Hominy mills (dry 
process): 
Free fatty acids— 
Grade oil. = 1.29] 0.78 0.7. 0.88 PANS Ae Oe. 0.88 | 1.11 
Refined oil. ...---=-- sri LT Peeps oe ees eee Ree ee SS Rea [a> eens ee 
Fat— | > 
Germs = ee [Se ees | ==1S23 | 14.37] 15.68) 22:41] 16.66] 24.90 17.88 
Oilicake <5 se eee | 5.80 AAO ee. es 7.90 9.38 | a 12.97 6.82 
Roed a | ernecs 6.36| 6.15 Ree ee 5.92 
Moisture— | 
Genises = oe eee eae Seep a oe 8. 66 7.90 8.49 9.61 4.31 6.96 
Oikeike =. ----=== [eee 3.37 1025541 7.96 4.45 2.74 5.81 
feed] a 1 12.50 10.35 12. 66 10.86 10:36:12 E 11.35 
Sec. B.—Starch and glucose | 
plants (wet process): 
Free fatty acids— | : } i : 
Crideols- f= 498-1: 89:17 1.39 1.65| 5.34 2.14 2.05 2.39 
Refined oil. .....-.--- |S eee | eee pe eae 11 A) Ss eee 
Fat— 
Germs 255.5 = | 51.85-| ¢23.78 41.99 22.35} 50.14 55.96 | 49.20 42.23 
Qilcake: +. se 8-9 8.08 7.35 9.25) a6.04 8.35} 10.30 8.70 
Reed es ee eee Eanes 6:85,| _ 3.63| 5.20-|- 2:85 |-273-26:| = = = 4.38. 
Moisture— 
Germs 5.55 eee 3.75 5.46 4.68 4.38 4.62| 2.28 5.44 4.37 
Oil cake 253 | 9.74 9.20 7.89 3.80 fA eee 8. 67 7.74 
Heed= 2.25 see 11.12 9.53 10.38 | 8.91 12 | 2S 10.15. 


a Not included in average. 6 Immature corn of 1917, not included in average. ¢ Immature corn of 1$17. 


A study of Table I shows that there is a wide variation in the 
character of the material produced in the various mills. While the 
percentage of free fatty acids in the oils is low it is evident that the 
oil obtained from germs separated by the dry process of degerminating 
is somewhat lower than that from the wet process. This might be 
expected from the nature of the two processes. So far as observation 
indicates, however, the refined oil from the two processes shows no 
noticeable difference. The percentages of fat in the germs and oil 


THE PRODUCTION OF CORN OIL. iy 


cake, as indicated by the averages, agree fairly well with the opinions 
expressed by the operators of both types. Since the moisture con- 
tent may be much affected by the age of the material and the con- 
ditions under which it was shipped, figures relating to the percentage 
of moisture may not necessarily be indicative of actual conditions. 
Attention is directed to some of the figures in section A of Table I. 
Mill 2 furnished germ material of exceedingly low fat content. This 
mill also reported a low yield of oil from a bushel of corn. It is evi- 
dent, therefore, that the degerminating was not efficiently performed. 
Mill 7 shows an excessive percentage of fat in its oil cake, but also a 
germ material greatly above the average in, fat content, indicating a 
good separation-of germs, but probably less efficient handling of the 
expeller. | , 
ECONOMICS OF CORN-OIL PRODUCTION, 


To determine the cost of producing corn oil is exceedingly difficult, 
and no producer was found who had any clear idea as to just what it 
cost him or how to determine the cost. The difficulty lies in the fact 
that in the general processes of making hominy and starch the re- 
moval of the germ is a necessary factor in obtaining the best 
products. This cost, therefore, should be charged to those products 
in the manufacture of which it is a necessary process and not to 
the cost of producing the oil. The cost of the oil production should 
be calculated only on the operations involved after the germs have 
been separated. Thus, in the dry process the cost charges for the oil 
should begin after the germs have passed through the hominy reels 
and the fine meal removed. In the wet process the germs must be 
washed several times in order to save the adhering starch, and the 
cost charges for the oil should therefore begin with the expelling of 
the moisture. If the net revenue from corn oil is to be compared 
with that obtamable when the germs are disposed of as feed, the 
cost of expelling the moisture and drying must be eliminated, since 
both operations are necessary in order to prepare the germs for feed. 
The cost, therefore, of producing corn oil in the industries here 
described is limited to the cost of expelling the oil and preparing 
it for market. - 
COST OF EXPELLING CORN OIL. 


Among starch manufacturers the impression seems to prevail that 
the cost of expelling corn oil approximates half a cent per pound of 
oil. Since the cost per pound depends on the amount of oil obtained 
from a given quantity of germ material, it follows that the greater 
the fat content of the germ the lower the cost per pound of oil will be. 
Consequently, the character of the germ material as regards the 
presence of foreign matter is an important factor. For this reason 
it will cost more per pound to expel the oil from dry-process germs 
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than from wet-process germs, because the same quantity of materia] 
yields much less oil over which to distribute an equivalent operating 
cost. 

In an effort to determine as nearly as possible the actual cost of 
producing corn oil, based on the cost of equipment and of operating 
the same, the figures in Table II are submitted. The cost of the 
equipment is, of course, an estimate based on present-day prices. 
The cost of repairs on expellers and the items of labor, power, and 
productive capacity were obtained from a careful study of the 
operation of a 4-expeller unit in a typical hominy plant. 


Taste I1.—Itemized estimate of the cost of the process of producing corn oil. 


Division of cost. 
Itemization. | 
Invest- | Per Fee oy 
ment. | year. GES 
| 
Milliequipment, 4expellersiat $4000 2522— sass = soe hee cee eee nee [ao'6 000) |e ee yeas ee eee = 
Depreciationjand repair (22 Percent) ps. er ser see oe eee eee eee neers $2, 000 $6. 66 
Auxiliary equipment: 
SCALES SS Fs See Seas eS ee ee ep ree Socio cee Sear | 22000 se hee eee | see se ee = 
Storage DinSins Sater Se Ss celine Sete sen eee Seat eee ne 1 O00" Ee Sea aerate 
Conveyortorexpellerss= sae a eae re ores TOO OR RES Se | ee ores 
OiliconvieyOrss=22= === ioe en ce cafs etna sulee Seis Oe te wate Sein ine ates ciel wae, OOO Eee as as see 
Cake COD. CY OIDs see ce asa eee ee eS eee | 1000s ncaa see 
PTS: (DQ) Bee ae ee ea ee a as oa er et ee 2 Oe | G00 ae |e eee 
TBH GET POR OSS sachs oe ee ere eae ee pc ad og pe ae | T0005 Sasee sane 
FV OUGIN EC AMICS KD) eae ors ew Se eee eas Nae eae 4 Q00W SS.2Ss e= | Sees. 
AA WY0) 2 ea ee Rite a tees SR aD okt ed Ne a entrees en se er GP Ll 6008|2 Seta ea| ees =A 
Depreciations Gi DernGent) a =csee eee ee ae a ee eres {iassctye Saeeaes 580 1.93 
POWERS SL2zKe We ESD OT 24M OUTS eee Se a es eS eS ee oe ee eee ee 88. 70 
Labor: | 
Oilanillerat 50 centsipershoursSi2s ase eee ee eee eeeaeaaes eeeacassan \ 21.60 
Assistant millerat:-40icents perhour, $9560 5 = se ase ee aye ee eee | Soerereenee : 
4 0) oH Eee ie 2 ee eee BRE eo RSE oe eye ee sae eee eee AL 118. 89 


Production.—Per machine, 3,000 pounds of oil in 24 hours, 12,000 pounds: Cost per 
pound ($118.89--12,000), 0.99 cents. 


These figures are intended to show approximately what it costs 
to expel corn oil in connection with hominy plants where the neces- 
sary floor space may be arranged for without the construction 
of an additional building. Overhead charges, such as management 
and selling organization, are not included. It seems probable that 
the installation of an expelling plant such as is here outlined would 
not necessitate any material addition to the pay roll except for the 
labor required to operate the machines. Although in making an 
actual cost accounting the charge for overhead expense should be 
included, the amount thus chargeable would be so difficult to ascer- 
tain, owing to the fact that the expelling is so involved in the other 
operations of the plant, that to include it here would be largely guess- 
work. It is evident that if an independent plant were operated 
exclusively for the expelling of corn oil the heavy overhead expense — 
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of management and office organization would almost certainly make 
the operation unprofitable. 

Assuming that the foregomg estimate of approximately 1 cent is 
the cost to produce 1 pound of oil in the average hominy plant (dry 
process), it is possible to arrive at the cost for similar operations in 
starch or glucose plants (wet process). As previously stated, the 
wet-process germs yield approximately three times as much oil as 
the dry-process germs. The cost to produce a pound of oil in a 
starch plant would be, therefore, about a third of a cent. Some 
operators in starch plants were of the opinion that the cost would 
approximate half a cent a pound. 

Table III gives a comparison of the revenue that may be obtained 
by disposing of the germ material for mixing with feed and by 
expelling the oil and returning the oil cake to the feed. 


TaBLE III.—Comparison of the revenue obtainable from the germs from 1 bushel of corn 
when disposed of respectively as feed and when used for oil expelling in either starch or. 
hominy malls. 


7 
Wet Dry 
process | process 
Items. (starch | (hominy 
mills). mills). 
| 
Gernmsobtainediiromslabushell oncorna snes eeeee eee ee aera ies cer cece pounds... 3. 47 4.17 
Revenue from germs sold as feed, at 2.5 centsa pound......-.......-.....---- cents. . 8. 40 10. 42 
Oikobtainabletromysernis ay seeps ence ee ee ee eee ete case eee ames pounds¢.. 25 at 
ROVeMUCTTONNOW abel a ICOMESH yO O Ltn Castes ee ser ae ener ener ge cents. . 18. 75 WS 
@PNCATKO TOP CaO Oe epee eee ope en eter ee oe yen ge Me Nae a pounds ?.. Dene 3. 67 
Revenueiron oilicake; at 2°5 centsia pound 222522. —- 2-2-2 -ece tee esse les. cents... by /595) 9.17 
Total revenue from expelling operation (cake and oil).................4....-- doles. 24. 30 16. 67 
Deduchcostiotexpellin gest jas seen seco eee hate tosses eee seas eeoe meee domes ¢. 63 d.5 
Netreventievtorexpe ling see aes ao eeeien epee Seen tee en eee dons. 23. 67 16.17 
Balance in favor of expelling as against disposal of germs for feed stock........ do.... 15:27 5. 75 


a ee the percentage of oil obtainable by expelling the germs varies greatly, only the average is here 
used. 

b The weight of oil cake obtainable is here calculated simply as the difference between the weight of the 
germs used and that of the oilremoved. For example, 100 pounds of dry-process germs are considered 
as yielding 12 pounds of oiland 88 pounds of oileake. Although not absolutely accurate, it is considered 
sufficiently so for the purpose here intended. However, if by actual fat determination the germs are 
found to contain 18 per cent of oiland the cake 6 per cent, the following formula should be used to determine 
the exact weights of oil and oil cake obtained, thus: [6 (100—a) +100] +-a=18 pounds (total oil present in 100 
pounds of germs), in which a represents the actual number of pounds of oil which will be obtained. Upon 
solving this equation it is found that 12.766 pounds of oil are obtained, and 87.234 pounds of oil cake con- 
taining 6 per cent of fat. 

e At one-half cent per pound. 

@ At 1cent per pound. 


The figures in Table III are intended to be only approximations, 
since several factors have not been considered which might increase 
shghtly the cost of producing the oil. The fact that the germ mate- 
rial for expelling must be made more dry than that for feed purposes 
will add slightly to the cost. The material would also probably be 
reduced or ground to a greater extent than if intended for feed. 
These operations are not expensive, however, and since the actual 
cost is difficult to estimate they have been omitted from the calcula- 
tions. The efficiency with which the degermination and expelling 


20 BULLETIN 904, U. S. DEPARTMENT OF AGRICULTURE. 


are accomplished is a determining factor. A good grade of corn and 
careful operation of the expellers are also necessary to obtain the 
margin of profit indicated. The price of corn feeds is of course 
dependent upon the cost of corn, and consequently the lower the 
price of corn and feed the greater the balance in favor of oil expelling, 
provided the price of the oil remains the same. 

Table IV gives data comparing the respective weights of oil left 
in the oil cake obtained from a bushel of corn by the two types of 
mills. 

TaBLE IV.—Comparison of oil left in the oil cake obtained from a bushel of corn when 
operating on dry-process and wet-process germs.2 


Wet 
Dry process 
process (starch 
items. (hominy and 
ills).  glueose 
plants 
Germs obtained from: 1) bushel Of corm: 2 =< Sa ee pounds 4.17 3.47 
Oiliniwernnss oP sae ee ee ee Se ee percent.., 18 45 
Oiicitin cakes... 22 Se Se eS eee do), 46 9 
Oil obiained:izom. bushel of com. <2 =. = ee pounds. . 532 1.372 
Cake obtained =o ee Ss ea ee re eee doz 3. 637 2.097 
Onli he CaK Grae ee oe ee ee dGte== . 2182 . 1887 


a Thecalcuiations in this table were made with the formula explained in footnote ® of Table II. 


It is evident that in expelling dry-process germs a slightly greater 
loss of oil results than when expelling wet-process germs, although 
the percentage of oil left in the cake is considerably lower. 


PRODUCTION OF EDIBLE OIL. 


In 1919 there were 22 corn-oil producers in the United States, 
but early in the year several of these had suspended operations on 
account of adverse economic conditions. Of the 20 producers only 
four, so far as is known, turned out refined or edible oil, one being a 
hominy miller and the other three starch and glucose manufacturers. 
This sma!] number of refiners, however, is no indication of the rela- 
tive quantity of oil which is refined for food purposes. According 
to Bailey and Reuter,? 111,000,000 pounds of corn oil were produced 
in 1918, of which approximately 76,009,000 pounds, or about 70 per 
cent, were refined for edible purposes. | 

It is the practice of a few of the large operators to refine not only 
the oil which is produced in their own plants, but also to buy large 
quantities of crude oil from other producers for refining. Companies 

1 Since this paper deals mainly with the production of crude corn oil as a by-product in the corn-milling 
industry, the refining of such an oil for edible purposes, which is an industry initselfis here discussed only 
inageneralway. A technical paper embodying the results of a detailed study of the preparation of edible 
corn oil may be issued later. 


2 Bailey, Herbert S.,and Reuter,B. E. The production and conservation of fats and oils in the United 
States. U.S. Dept. of Agr. Bul. 769, sup., p.4. 1919. 3 


THE PRODUCTION OF CORN OIL. 91 


which have developed a large package trade find it necessary to do 
this in order to supply the demand created by their extensive 
advertising. 

Crude corn oil as a rule is a fairly good product, especially that 
produced from dry-process germs, and in some cases it can be used 
for edible purposes without refining. The oil possesses a peculiar 
cereal-like odor and taste, which is not unpleasant in itself, but is 
undesirable when 
the oil is intended 
for salad or cooking 
purposes. The color 
isa deep yellow, 
which also must be 
removed from oil 
whichis intended for 
food purposes. 

The processes 
used for refining, 
bleaching, and de- 
odorizing are in gen- 
eralsimilar to those 
employed for other 
vegetable oils. The 
erude oil is first 
treated with alkali 
in large refining ket- 
thes (ic. *10); the 
amount of alkali 
used depending on 
the quantity of free 
fatty acids present. 
This treatment al- 
most, if not entirely, 
neutralizes the oil, 
removes albumi- 
nous matter, and 
lightens the color to 
some extent. The oil is then separated from the foots, the latter 
being disposed of to soap makers. The neutralized oilis heated suffi- 
ciently to dehydrate it, after which it is partially bleached by the 
addition of about 5 or 6 per cent of fuller’s earth, with constant’ 
stirring. After the oil and fuller’s earth have been thoroughly 
mingled, the mixture is pumped through filter presses to remove 
the earth, and the filtered oil is pumped into the deodorizing 


Fic. 10.—Type of tank used for refining and bleaching corn oil. 
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tank. (Fig. 11.) The treatment received in this tank is of great 
importance. Essentially this treatment consists of heating the 
oil to about 400° F. under vacuum by means of steam jackets 
and steam coils, superheated steam being used in these coils. Through 
a secondary coil with perforations, super- 
heated steam is passed into the oil. This 
treatment is continued for several hours, 
after which the steam is turned off and 
the oil allowed to cool under reduced 
pressure to normal temperature. The 
oil is thus further bleached, the peculiar 
odor and taste are removed, and a bland, 
tasteless, and odorless oil is produced 
which varies from a pale yellow to a 
very light straw color, according to the 
efficiency of the treatment. 

The process of deodorizing constitutes 
the most difficult part of the several proc- 
esses required to produce edible corn 
oil, and the details of the operation vary 
considerably in the several refining 
plants. Questions of temperature and 
time of treatment are determined largely 
by experimentation and the experience 
of the men in charge. The character of 
the crude oil used is also in some cases 
a determining factor. 

After the oil is cooled in the deodorizer 
it flows or is pumped into the storage 
tanks. While in storage it is in some 

cases kept at a low temperature in order 

See eras eae to effect the separation of stearin, which, 

structed with jacketed bottoms for however, does not separate from corn oil 

Se epee to the same extent as from some other 

vegetable oils. Finally, the oil is filtered through coarse paper or 

cloth to clarify and brighten it, especially when imtended for the 
retail trade. 


THE FUTURE OF CORN OIL. 


So far as can be concluded from the survey of the industry, corn 
oil appears to have established itself as a satisfactory product for 
which there will be a steady demand in the trade. That the oil can 
always be produced is assured by virtue of the fact that it is a by- 
product of the manufacture of certain staple corn products, and it is 
only in case of an overproduction of fats and oils that it might be 
discontinued and the germs disposed of as feed. Such a situation 
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seems improbable, however, and at the most would doubtless be 
only temporary. As to the utilization of corn oil, the consensus of 
opinion among those who are in position to know seems to be that 
within a few years the oil will be used almost entirely for edible 
purposes, except only that which is of such poor quality as to make its 
refining unprofitable. The sale of the oil in retail packages will very 
likely be further developed, and its use by bakers is also likely to 
increase. The amount of corn oil used for edible purposes in the 
future will be determined by the quantity available rather than by 
any question as to its utility. At the present time some bakers, 
while admitting that if is suitable for their products, use cottonseed 
oil because the supply of corn oil fluctuates so that it is not always 
obtainable in sufficient quantities. Although the supply is even now 
inadequate it is liable to become more so in the immediate future 
because of the decline in the brewing of beer. The elimination of 
the breweries removes one of the principal markets for hominy grits 
and flakes, and therefore the milling of degerminated corn is likely 
to decrease. As previously stated, several plants shut down in the 
winter of 1919. This was due in part, however, to the fact that at 
the close of the war there was on hand an oversupply of corn meal 
and flour. According to Bailey and Reuter,' there was a decrease in 
~1918 of 7,000,000 pounds of corn oil, and the 1919 production may 
show a further decrease. It is certain that the demand in this 
country for corn meal and flour is not sufficient to make a steady 
market for such products. In the Southern States, where the use 
‘of corn products is much more general than in other sections of the 
country, the supply is largely derived from mills which do not deger- 
minate the corn and hence produce no oil. It must not be under- 
stood, however, that the elimination of the breweries entirely removes 
the market for brewers’ grits, for in the manufacture of nonalcoholic 
cereal beverages the same material is required, but this market 
already exists, and there would need to be a great imcrease in the 
consumption of such beverages to make up for the decline resulting 
_ from the discontinuance of beer brewing. ‘The economic situation 
with regard to sugar also may be an important factor. The increased 
demand for corn sirups and other saccharine products may result in 
an increased milling of degerminated corn. 
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